Abstract Hysterectomy is the most common major gynecological surgery performed in women. The aim of this study was to compare major morbidity and mortality between abdominal hysterectomy (AH) and laparoscopic hysterectomy (LH) for benign diseases. We performed a retrospective cohort study using the data from Health Cost and Utilization Project Nationwide Inpatient Sample. Women were admitted for hysterectomy for benign diseases between the years 2002 and 2008. In-hospital morbidities and mortalities were identified using the diagnostic and procedural codes classified according to the International Classification of Disease, Ninth Revision, and Clinical Modification. Logistic regression analysis was used to estimate the relationship between the type of hysterectomy and the development of major morbidity and mortality. Of a total 465,798 cases, 389,189 women (83.6 %) underwent AH and the remainders underwent LH (76,609, 16.4 %). The LH group was younger and more likely to be Caucasian than those who underwent AH. Although major morbidities and mortalities were rare, women who underwent LH were less likely to develop thromboembolic events (0.68 % vs. 0.84 %, odds ratio (OR) 0.85 (0.77-0.93)), require blood transfusions (2.4 % vs. 4.7 %, OR 0.58 (0.55-0.61)), and sustain bowel perforation (0.07 % vs. 0.13 %, OR 0.56 (0.42-0.74)). The mortality rate was also lower in the LH group (0.01 %) compared with the AH group (0.03 %, OR 0.48 (0.24-0.95)). Our conclusion was that for benign diseases, laparoscopic hysterectomy is associated with a lower complication rate than abdominal hysterectomy. When possible, hysterectomy performed for benign diseases should be performed with minimally invasive technique.
Background
Hysterectomy is the most common major gynecological surgery performed in women [1] . The majority of patients undergo hysterectomy for benign conditions including uterine leiomyoma, pelvic organ prolapse, or menorrhagia [2] . The surgical indication for hysterectomy has remained unchanged over time; however, the medical and surgical options for treatment of benign gynecological diseases have evolved considerably. The traditional approaches for hysterectomy were by laparotomy (abdominal hysterectomy (AH)) or vaginally [1] .
Reich et al. reported the first case of total laparoscopic hysterectomy (LH) in 1989 [3] . This approach is associated with shorter hospitalization, faster recovery, and fewer postoperative infections compared to abdominal hysterectomy [4] . It appears that laparoscopic hysterectomy is preferable than abdominal hysterectomy [5, 6] . The benefits of LH versus AH include early return to daily activities, less intraoperative blood loss, and fewer wound or abdominal wall infections [6] . The single complication that was found to be increased after laparoscopic surgery was urinary tract injury [5, 6] . However, despite substantial evidence regarding the advantages of LH, most hysterectomies are still performed via laparotomy [2] . The purpose of our study was to compare the morbidity and mortality between abdominal and laparoscopic hysterectomies for benign diseases.
Materials and methods
We performed a retrospective cohort study using the data from the Healthcare Cost Patient characteristics that were included in the analysis included age, race, income group (combined variables for median household income categories and median household income quartiles for patient's zip code which were defined in different years), insurance type (Medicare, Medicaid, private, or others), hospital type (rural, urban nonteaching, and urban teaching), and elective vs. non-elective admission (combining a type and elective variables defined in different years). Comorbidities have been incorporated in the HCUP-NIS database since 2002 and are calculated with the Agency for Healthcare Research and Quality software (www.ahrq.gov/data/hcup). We included congestive heart failure, chronic pulmonary disease, diabetes (complicated or uncomplicated), hypertension (complicated or uncomplicated), lymphoma, and peripheral vascular disorders.
We identified several hospital outcomes as potentially associated with the type of hysterectomy. Death and length of stay were available in the NIS database. The 15 diagnostic code variables were checked for any code indicating deep vein thrombosis (453.4 or V12.51), pulmonary embolism (415.1 or V12.51), acute myocardial infarction (410), bowel perforation (569.8, other specified disorders of intestine), and bladder injury (665.5, other injury to pelvic organs). Transfusion of blood and blood components was defined as any procedure code 99.0.
Descriptive statistics were used to analyze baseline characteristics among women undergoing a hysterectomy by abdominal approach and by laparoscopic approach. Logistic regression analysis was used to examine the association between hysterectomy type and each clinical outcome using odds ratios with adjustment for age, race, median household income, insurance type, hospital type, procedural elective status, and comorbidities. Analyses were conducted using SAS statistical software (SAS Enterprise, Cary, NC, USA). Ethical approval for the use of the data set was obtained from the Director of Professional Services of Jewish General Hospital in keeping with the provincial requirements for the use of hospital databases. The baseline characteristics of the women are summarized in Table 1 . The proportion of younger women (<35 years of age) in the LH group was higher compared to the AH group (11 % vs. 8 %, respectively). The proportion of Caucasian women was also higher among the LH group, while women identified as African-American were more likely to have an AH procedure. The mode of hysterectomy and the risks of major mortality and morbidity rates are listed in Table 2 . Overall, the rates of complications were very low. Even so, the patients who underwent LH had lower morbidity (deep vein thrombosis, pulmonary embolism, requirement for blood transfusion, and acute myocardial infarction) as well as less mortality compared to women in the AH group.
Discussion
The most common approach for hysterectomy is the open abdominal hysterectomy [1] . Compared to AH, our study shows lower morbidity and mortality after minimally invasive approach with LH even after adjusting for age, race, median household income, insurance type, hospital type, procedural elective status, and comorbidities. Figure 1 shows a decrease in the number of hysterectomies for benign diseases of more than 30 % from 2002 to 2008. This has been described in other studies [4, 7] . The decline is probably in part due to an increase in alternative medical treatments such as the levonogestrel IUD [4, 8] and minimally invasive procedures such as endometrial ablation [4] . More recent procedures include magnetic resonance-guided focused ultrasound and uterine artery embolization. These procedures are performed as outpatient interventional radiologic treatment of uterine leiomyomas, which can replace the traditional hysterectomy for the management of fibroid-related symptoms. These non-invasive alternatives are especially beneficial for women who prefer to avoid hysterectomy, as well as for those with high surgical risks [9] . All these non-surgical options offer alternatives to women with benign diseases. One of the most important elements of our study was to define the study population as patients who underwent hysterectomy specifically for benign diseases. We chose to exclude patients who underwent hysterectomy for malignant disease since those patients are at higher risk of adverse outcome. They undergo more complicated hysterectomy due to the lymph node sampling and higher risk for DVT [10] . To ensure that only patients with benign disease would be included, we chose the diagnosis codes of leiomyomas and menorrhagias since these are the most common benign indications for hysterectomy. This method of selection of patients with benign disease has preliminarily been described [11] . These inclusion criteria ensured a specific patient population that would allow us to analyze the operative complications without the potential bias of hysterectomies performed for malignancy.
We found that the patients in the LH group had fewer complications ( Table 2 ). These findings of decreased complication rates after LH concur with all major recent metaanalyses [1, 5, 6, 12, 13] . The only significant complication that was described in some studies as more prominent in LH patients compared to AH was urinary tract injuries. The last Cochrane database [6] reviewed 34 randomized trials and found a higher rate of urinary tract injuries after LH. In contrast Brummer et al. [12] described a lower rate of urinary tract injuries in LH patients compared to AH patients. Our large study confirmed the findings of Brummer et al. and also showed that the rate of bladder injury as well as bowel injury was lower among the LH group.
Other major complications, deep vein thrombosis, and pulmonary embolism (PE) were also lower in patients who underwent LH. Immobility is a known risk factor for DVT and PE [14] , and short hospitalization was described as beneficial in preventing PE [15] . The LH group had a significantly shorter length of stay in the hospital (Table 2) which may explain the lower rate of DVT and PE. However, this shorter length of stay in the hospital could be a bias. The "postoperative" period for DVT and PE is not well defined, neither for diagnosis of these complication nor for prophylaxis [10] . It ranges in different studies, for prophylaxis from 24 h up to 5 days or until discharge, and for diagnosis from 30 until 42 days postoperation [10] . It is possible that women in the LH groups had a DVT or PE after discharge and were diagnosed as outpatients; in such cases, these patients would not be included as a complication of the LH procedure. Since the LH group had shorter length of stay, it could be that more patients were diagnosed as outpatient cases and decrease the real number of PE and DVT cases.
Our study has several limitations. First, our data does not contain information about the extent of pathology which can affect the type of the surgery and the possible complications. A very large myoma, for example, could be a technical limitation of laparoscopic intervention or be associated with a higher rate of complications during the procedure. Therefore, it could be argued that the patients who underwent LH are "easier" cases compared to the AH patients. In a large registry of 3,139 patients undergoing uterine artery embolization, the investigators noted that the presence of five or more myomas was more commonly observed among African-American women as compared to Caucasians (37 % vs. 28 %) [16] . Abenhaim et al. [11] showed that AfricanAmericans were less likely to undergo LH as compared with Caucasians, based on the same database from the years 1998 to 2002. Our study shows a similar trend in the years 2002-2008; the rate of African-Americans who underwent AH was double the rate of patients who underwent LH (16 % vs. 8 %, respectively). It is possible that the higher rate of African-American women in the AH group of our study reflects more difficult cases with larger leiomyomas and could in part explain the higher complication rate among the AH group. An additional limitation is the procedural coding, which does not enable us to identify women who started initially with laparoscopic approach and were converted to laparotomy. Although this would probably be more likely in difficult cases, we hypothesize that this has a minor confounding effect only, since the overall conversion rate has been estimated at approximately 8 % [17] . While this rate of conversion was published in 2005, we believe that at this time, given advanced proficiency after the period of learning curve, it is likely to be even lower. Another potential limitation is the lack of information on important potential confounding variables such as obesity. Obesity has been shown to be associated with both socioeconomic class and surgery performed [18] . We do not have the data regarding patients' BMI, and it is possible that the AH group had more obese patients and as a result higher complication rate. It is also possible, however, that this confounder would shift the effect towards more laparascopic cases as it is believed by many that in obese women, a laparoscopic approach is easier.
In our study, we did not have the data about vaginal hysterectomy (VH) to compare between all three options of hysterectomy for benign disease. Brummer et al. [12] reported that VH was the most common hysterectomy performed, at 44 % of patients with benign disease in Finland. LH and VH comprised 76 % of the national operations. No significant differences in major complications were found between these two approaches. A major complication will occur in 3-4 % of patients, and VH is also considered as a safe option for hysterectomy.
However, our study has a number of strengths. First, it is a population-based sample of all US admissions. This important aspect of our study population allows appropriate generalizations to balance any confounder that could be encountered such as economic, racial, and ethnic differences. Data analyzed in this study is less than 10 years old (2002) (2003) (2004) (2005) (2006) (2007) (2008) and thus reflects the current standard of care. This study is the largest study that can reflect the era following the learning curve associated with laparoscopic hysterectomy [8] . Finally, the data sample is extremely large allowing us to identify important associations in rare outcomes such as death and acute myocardial infarction that would perhaps not be able to be detected in a smaller, singlecenter experience study.
Conclusion
In conclusion, AH and LH performed for benign diseases are procedures with low complication rates. LH appears to be associated with a lower complication rate than AH as well as a lower overall mortality. Our findings suggest that, when possible, surgeons should be encouraged to consider LH over AH for benign diseases.
